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▼Here, we report on a rapid procedure for the prepara-
tion of locus-specific probes for FISH analysis, consisting
of: 1) polymerization of single-stranded DNA fragments by
a locus-specific primer on genomic clones (YACs, PACs);
and ii) subsequent interAlu PCR.
InterAlu PCR on YAC/PAC minipreparations is an estab-
lished method to obtain probes targeting specific regions
of human genome that are suitable for FISH analysis (Ref.
1). The FISH probes are composite and, depending on the
YAC clone, cover human genome fragments ranging from
100 Kb to 2 Mb. We have found that it is possible to se-
lect a locus-specific sequence of the YAC clone to produce
a locus-specific FISH probe, through a two-step procedure
involving the production of single-stranded DNA, polymer-
ized by a specific primer and interAlu PCR. Because of the
enrichment of the locus-specific sequence in the first reac-
tion, the products from this sequence amplified by using
four different Alu primers greatly outnumber the interAlu
products from other locations in the YAC. This can be seen
in Figure 1, which shows an electrophoresis of PCR prod-
ucts obtained by different Alu primers on total YAC DNA
and on single-stranded DNA polymerized by using a locus-
specific primer. Following interAlu PCR, the reduction in
the number of DNA fragments is paralleled by the enrich-
ment in a locus-specific fragment when the novel proce-
dure is applied. The efficiency of the hybridization of the
locus-specific probe is comparable with that of the total
YAC probe, with the limits depending on the distribution
of Alu sequences within the target locus as well as within
the YAC. The current way of generating locus-specific FISH
probes involves the stepwise subcloning of genomic clones
with large inserts, whereas our method bypasses and effi-
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ciently replaces this time-consuming procedure, and offers
a number of other advantages.
YAC 810f5, from the CEPH library, maps to the 17q11.2
region and can be used for FISH analysis of neurofibro-
matosis 1 patients with large deletions extending 59 to
the NF1 gene (Ref. 2). Its chimerism does not interfere
with metaphase FISH, but might hamper interphase FISH.
Our results show the efficient selection of a non-chimeric
D17S1317-specific probe fromYAC810f5 (Figure 2). The use
of interAlu PCR-purified total YAC gives four hybridization
signals: two on chromosomes 17 and two on chromosomes
2 (Figure 2a). FISH performed using the D17S1317-specific
probe, contained in YAC 810f5, reveals hybridization sig-
nals only on chromosomes 17 (Figure 2b). Accordingly, the
interphase nuclei hybridized with the whole YAC and the
17q11.2-selected probe show four (Figure 2a) and two flu-
orescent spots (Figure 2b). More generally, the procedure
makes it possible to eliminate chimerism from YACs, thus,
making them suitable for interphase multicolor FISH on
tissues with a low mitotic index. The availability of locus-
specific probes provides FISH analysis with probes tailored
to targeted sites that are much smaller than those targeted
by YACs/PACs from distributed libraries. It also overcomes
some of the inconveniences that can hamper conventional
methods of LOH testing in tumors, such as the need for
polymorphic markers, the lack of DNA from peripheral
blood and the presence of a large amount of contaminating
normal tissue in tumor samples.
The resolution of this new approach was assessed by us-
ing an NF1 intron 27-specific probe (IVS27AC28.4) (Ref.
3) on metaphases from an NF1 patient with an intragenic
deletion identified by means of allelic segregation analysis.
The deletion is not detected by FISH of YAC K57 (350 Kb in
size) (Ref. 4), which spans the NF1 gene, as indicated by the
presence of hybridization signals on both chromosomes 17
16 www.sciencedirect.com 1366-2120 c©1999 Elsevier Ltd. All rights reserved. PII: S1366-2120(08)70130-2
Technical Tips Technical Tips Online, Vol. 4, 1999
FIGURE 1. Gel electrophoresis of Alu PCR products: (C1), total YAC DNA; (C2), locus-specific (IVS27AC28.4) single-stranded DNA; (LS),
locus-specific single-stranded DNA subjected to combined Alu and IVS27AC28.4a primer PCR; (M), molecular weight markers. Four Alu primers (153,
154, 450, 451) were used in four independent reactions for each sample. The highest yield of C2 Alu products is observed for C2/154: the band pattern
partially overlaps that of C1/154. Lanes LS show bands from 500-2000 bp in size. The most evident 1 Kb band refers to the DNA fragment located
between IVS27AC28.4 and the nearest Alu site.
FIGURE 2. a) FISH of YAC 810f5 shows four fluorescent signals on the metaphase and nucleus: chromosomes 17 (white arrows) and chromosomes 2
(green arrows) are both targeted. b) Selection of the D17S1317 probe from YAC 810f5. The novel procedure allows hybridization signals to be observed
only on chromosomes 17 (white arrows); no signals are visible on chromosomes 2 (green arrows).
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FIGURE 3. a) FISH of NF1-specific YAC K57 on metaphase from an NF1 patient with an intragenic deletion shows two signals on chromosomes 17 and
on the interphase nuclei. b) Following FISH of the selected NF1 intron 27 probe cohybridized with the 17qtel probe, one chromosome 17 does not show
any signal because the NF1 gene deletion is evidenced by the smaller and more targeted probe.
(Figure 3a). However, FISH performed using the intron 27-
specific probe makes it possible to observe a fluorescent sig-
nal only on one chromosome 17, thus, allowing the small
intragenic deletion on the homologue chromosome to be
detected (Figure 3b). Thus, deletions affecting portions of
large genes become amenable to FISH detection. Another
important application of our technique is the rapid and
precise characterization of chromosomal abnormalities. As
soon as genomic markers are identified that correspond to
the breakpoints underlying deletions, inversions or translo-
cations, small FISH probes can be set up to catch themwith-
out the need for laborious subcloning experiments. This in-
novative procedure also allows the generation of genomic
probes starting from ESTs or cDNA-specific primers. The
probes can be used in FISH analysis and the hybridization
signals easily detected under a fluorescence microscope. In
conclusion, by means of this new procedure, we have been
able to obtain locus-specific probes suitable for FISH anal-
ysis simply and rapidly through the generation of specific
DNA molecules of remarkable length, without having to
screen genomic libraries or undertake subcloning experi-
ments.
Protocol
A diagram of the method is shown in Figure 4.
Step 1: locus-specific polymerization on YAC
We performed polymerization using locus-specific primers
in order to obtain template DNAs enriched in specific se-
quences with a predicted length of thousands of bases. In
this study, we selected two loci of the NF1 gene, D17S1317
(www.gdb.org) and intron 27 (IVS27AC28.4) (Ref. 3), for
the polymerization of single-stranded DNA fragments. The
reaction was prepared in a final volume of 25 µl using:
0.5 µM of one primer (each of the two primers was used in
one of two consecutive reactions)
67 mM Tris-HCl, pH 8.8
0.01% tween 20
16 mM (NH4)2SO4
1.5 mM MgCl2
200 µM dNTPs
1.25 units Taq polymerase (Bioline)
2 µl of total yeast DNA embedded in 1% low-melting tem-
perature agarose.
The single DNA strand was polymerized in a 9600 Ther-
mal Cycler (Perkin Elmer) under the following conditions:
30 s at 94◦C; 1 min at 58◦C for D17S1317 primers or 1
min at 55◦C for intron 27 primers (IVS27AC28.4); 2 min
at 72◦C, for 35 cycles with an initial denaturation of 3
min. The size of the single-stranded DNA obtained by us-
ing IVS27AC28.4a-specific primer ranged mostly from 1 to
5 Kb. It is important to set the polymerization conditions
by identifying the suitable annealing temperature using the
pair of locus-specific primers in a classical PCR reaction in
order to check polymerization, which cannot be observed
using one primer at a time.
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FIGURE 4. Method for the generation of locus-specific probes for FISH analysis (see text for details).
Step 2: interAlu PCR
We then performed interAlu PCR in order to increase the
amount of locus-specific sequences. We prepared four reac-
tions for the four interAlu primers used (Ref. 1). For each
reaction, 1 µl of the previous polymerization reaction, 0.5
µM of the relative specific primer and 0.5 µM of one inter-
Alu primer were added to the PCR mix described above in a
total volume of 50 µl. The PCR reactions were performed in
a 9600 Thermal Cycler (Perkin Elmer) under the following
conditions: 1 min at 94◦C, 1 min at 55◦C and 2 min at 72◦C
for 35 cycles, with an initial denaturation of 3 min and a
final extension of 7 min at 72◦C. The annealing temper-
ature is independent of the annealing temperature of the
specific primer. We performed a total of four interAlu PCRs
for each specific primer/reaction. The PCR products of the
same locus were checked for size on a 1.5% agarose gel,
and then pooled and precipitated (Ref. 1). The size and the
complexity of interAlu PCR products obtained by the novel
procedure, compared with standard method, are shown for
IVS27AC28.4a in Figure 1.
Step 3: FISH
The precipitated DNAs were resuspended in 100 µl of 10
mM Tris-HCl, I mM EDTA, pH 7.5 and 1 µg of each
probe was labelled with digoxigenin -dUTP (Boehringer
Mannheim) using a nick translation kit (Boehringer
Mannheim). 100 ng of labelled probe was precipitated with
10 µg of salmon sperm DNA and 10 µg of Cot-1 DNA
(Boehringer), and resuspended in 15 µl of hybridization
buffer (50% formamide, 2×SSC, 10%dextran sulphate). The
probes were denatured at 75◦C for 5 min and then prein-
cubated at 37◦C for 30 min. Chromosomal spreads from
peripheral blood lymphocytes were denatured in 70% for-
mamide, 2×SSC for 2 min and immediately dehydrated in
an ethanol series (70%, 90% and 100%).
The FISH experiments were performed according to the
standard procedure (Ref. 5). Only the first layer of the de-
tection protocol was performed using fluorescein detection
of dig probes (Oncor). Chromosomes were counterstained
with propidium iodide 0.6 µg ml-1 in antifade (Oncor).
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Products Used
Taq DNA polymerase: Taq DNA polymerase from
PE Applied Biosystems
Taq DNA polymerase: Taq DNA polymerase from
Life Technologies (Gibco BRL)
Taq DNA polymerase: Taq DNA polymerase from
Life Technologies (Gibco BRL)
Taq DNA polymerase: Taq DNA polymerase from
Promega Corporation
Taq polymerase: Taq polymerase from Boehringer
Mannheim
Taq polymerase: Taq polymerase from Pharmacia
Taq polymerase: Taq polymerase from Bioline
Taq polymerase: Taq polymerase from Advanced
Biotechnologies
Taq polymerase: Taq polymerase from Boehringer
Mannheim
Taq polymerase: Taq polymerase from Bioline
Thermal Cycler: Thermal Cycler from Techne
(Cambridge) Ltd
thermal cycler: thermal cycler from MJ Research
Inc
Thermal Cycler: Thermal Cycler from Techne
(Cambridge) Ltd
thermal cycler: thermal cycler from MJ Research
Inc
Anti-digoxigenin antibody: Anti-digoxigenin
antibody from Boehringer Mannheim
nick translation kit: nick translation kit from
Boehringer Mannheim
Human Cot-1 DNA: Human Cot-1 DNA from Life
Technologies (Gibco BRL)
Cot-1 DNA: Cot-1 DNA from Boehringer
Mannheim
antifade: antifade from Oncor Inc
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